The risk of early recurrent stroke after transient ischemic attack (TIA) may be modifiable by optimal treatment. Although ABCD 2 scores, diffusion-weighted imaging lesions, and large artery stenosis are well known to predict early stroke recurrence, other neuroimaging parameters, such as cerebral microbleeds (CMBs), have not been well explored in patients with TIA.
lished in the middle 2000s and later tend to reveal lower rates of recurrent stroke compared with those published between the late 1990s and early 2000s. In particular, urgent evaluation and immediate treatment could substantially modify the risk, preventing approximately 80% of early recurrent strokes. 3 The ABCD 2 score, a simple and widely used risk estimation scheme based on clinical variables, was developed to identify high-risk patients in primary care or emergency department settings. 5 The ABCD 2 score is based on 5 parameters (age, blood pressure, clinical features, duration of TIA, and presence of diabetes). However, this score does not include additional prognostic information obtained from more detailed investigations. For a better risk prediction, several strategies have been developed to further include potential prognostic variables of recurrent TIA, atrial fibrillation, acute ischemic lesion on diffusion-weighted imaging (DWI), and symptomatic carotid stenosis. [6] [7] [8] [9] [10] However, imaging markers of small vessel disease, such as white matter hyperintensities (WMHs) or cerebral microbleeds (CMBs), which are prevalent in the elderly population and known as predictors of recurrent stroke, have not been well investigated in patients with TIA. 11, 12 Using a prospective registry, we aimed to investigate the rate of 90-day recurrent stroke and the prognostic significance of WMHs or CMBs and other well-recognized risk predictors.
Methods

Study Design and Participants
This study was approved by the institutional review boards of all participating hospitals, and written informed consent was obtained from all patients or their legally authorized representatives.
We designed a hospital-based, multicenter prospective cohort study. Consecutive patients with TIA were enrolled from 11 university hospitals from July 1, 2010, through December 31, 2012. We defined TIA as focal neurologic deficits lasting less than 24 hours. 13 Patients 40 years or older who were admitted within 24 hours of symptom onset and who underwent magnetic resonance imaging (MRI), including DWI and magnetic resonance angiography, were included in the study. Patients with focal neurologic deficits caused by migraine, seizures, syncope, peripheral vertigo, and transient global amnesia were excluded. We strongly recommended that participating physicians adhere to the current treatment guidelines. 14 
Study Variables
Using the Korean Transient Ischemic Attack Expression Registry, we prospectively compiled data on patient demographics, laboratory results, characteristics of the index TIA, MRIs, and treatments. The characteristics of the index TIA included recent prior TIA, presenting symptoms and signs, and duration of symptoms. Duration of symptoms was categorized into less than 10 minutes, 10 through 59 minutes, and 60 minutes or longer. 14 Crescendo TIA was defined as at least 3 similar attacks within 7 days from the index TIA. 15 ABCD 2 , ABCD 3 , and ABCD 3 -I scores were also determined. 5, 7 In addition, we investigated the presumptive Trial of ORG 10172 in Acute Stroke Treatment (TOAST) classifications of index TIA events in patients with DWI lesions. 16 We assessed acute lesions on DWI (single or multiple) and chronic lesions on T2-weighted or fluid-attenuated inversion recovery imaging and gradient-recalled echo (GRE) imaging, including prior territorial infarction, lacunar infarction, intracerebral hemorrhages, WMHs, and CMBs. The WMHs were graded according to the modified visual grading system of Fazekas et al 17 and dichotomized into negative (scores, 0-1) and positive (scores, 2-3) groups. 18 The CMBs were defined as focal, round, low-signal-intensity lesions with a diameter less than 10 mm on GRE imaging 19 ( Figure 1 ). The number of CMBs was counted on GRE imaging. 20 The degree of stenosis was measured using previously known methods, 21,22 and more than 50% narrowing was considered significant. The MRI findings were analyzed by an independent radiologist of the central core imaging laboratory who was masked to the 90-day stroke recurrence. Detailed parameters for MRI acquisitions are described in eTable 1 in the Supplement.
Primary End Point
The primary end point was recurrent stroke within 90 days, which was determined via outpatient clinic or by telephone interview with a structured questionnaire. If necessary, we reviewed medical records to confirm the diagnosis of recurrent stroke. 7 Therefore, for analytical purposes, we categorized the scores based on observations in a previous study 7 and our data as follows: ABCD 2 scores into scores of 0 through 3, 4 and 5, and 6 and 7; ABCD 3 scores into scores of 0 through 3, 4 and 5, and 6 through 9; and ABCD 3 -I scores into scores of 0 through 3, 4 through 7, and 8 through 13.
Statistical Analysis
Results
Patients
Of the 521 consecutive patients with TIA screened during the study period, 500 (96.0%) were enrolled; 21 patients were excluded because of protocol violation or consent withdrawal. The demographic characteristics and cardiovascular risk factors did not differ between the included and excluded patients (eTable 2 in the Supplement). The mean age was 64 years, and 291 (58.2%) were male. The median ABCD 2 score was 4, and the distribution was 29.0%
(ABCD 2 score, 0-3), 52.4% (ABCD 2 score, 4-5), and 18.6% (ABCD 2 score, 6-7). Motor weakness was the most common presenting symptom (313 [62.6%]), followed by speech disturbance (101 [20.2%]). Symptoms lasted for 60 minutes or longer in 222 patients (44.4%), 10 through 59 minutes in 168 (33.6%), and less than 10 minutes in 110 (22.0%). Prior TIA within 7 days was present in 77 patients (15.4%), and 24 (4.8%) had a crescendo TIA. All patients underwent MRI, which was completed within 48 hours after symptom onset in 499 patients (99.8%). Acute DWI lesions were present in 150 patients (30.0%), WMHs in 159 (31.8%), and CMBs in 43 (8.6%). Eighteen patients had a single CMB, 18 had 2 to 4 CMBs, and 7 had 5 or more CMBs. Symptomatic intraocclusion or extracranial steno-occlusion was found in 183 patients (36.6%). After the index TIA, 457 patients (91.4%) were treated with antiplatelet therapy, 74 (14.8%) with anticoagulation, and 345 (69.0%) with statins. Thirty-six patients (7.2%) were prescribed both antiplatelets and anticoagulants because of coexisting coronary artery disease or other causes combined with atrial fibrillation. ; P = .01). In addition, prior TIA within 24 hours was associated with a higher 90-day stroke rate (HR, 1.28; 95% CI, 1.03-1.60; P = .03).
Among MRI variables, WMHs and CMBs were significantly associated with a higher risk of subsequent stroke. Thirteen (8.2%) of 159 patients with WMHs had a stroke within 90 days compared with 12 (3.5%) of 341 without WMHs (HR, 2.40; 95% CI, 1.10-5.26; P = .03). Of 43 patients with CMBs, 7 (16.3%) had a subsequent stroke, which was substantially higher than 18 (3.9%) of 457 without CMBs (HR, 4.47; 95% CI, 1.87-10.70; P < .01) (Figure 2) . In contrast, the recurrent stroke rate was higher in patients with acute DWI lesions than those without, but the difference was not statistically significant (10 [6.7%] of 150 vs 15 [4.3%] of 350; HR, 1.57; 95% CI, 0.71-3.50; P = .27). In addition, symptomatic stenosis was not associated with an increased risk of subsequent stroke (HR, 1.15; 95% CI, 0.52-2.55; P = .74).
From univariable analyses, the multivariable model that incorporated the ABCD 2 score additionally included variables of crescendo TIA, DWI lesions, symptomatic stenosis, WMHs, and CMBs. We included only crescendo TIA rather than prior TIA within 24 hours before the index TIA to avoid the risk of overfitting and multicollinearity based on the observation of their crude HRs. In this multivariable Cox proportional hazards model, CMBs were the significant independent factor for the 90-day subsequent stroke (adjusted HR, 3.69; 95% CI, 1.42-9.60; P < .01) ( Table 2) .
Because of concerns about overfitting, we reduced the number of covariates in the additional multivariable models using the composite scores ABCD 3 and ABCD 3 -I instead of the ABCD 2 scores. The ABCD 3 -I scores were dichotomized because there was no recurrent stroke in the subgroup of ABCD 3 -I scores 0 through 3. The CMBs still remained significant in these multivariable models (Table 2) .
Carotid intervention did not affect the results of the multiple Cox proportional hazards model (adjusted HR for CMB, 3.63; 95% CI, 1.46-9.00; P < .01 in model 3, including carotid intervention). In addition, patients with multiple CMBs had 6.5 times the risk than those without CMB (adjusted HR, 6.5; 95% CI, 2.6-16.7; P < .01 in model 3).
Discussion
This hospital-based, multicenter prospective cohort study found a 5.0% recurrence stroke rate within 90 days after TIA. In the setting of urgent evaluation and management, the CMBs were independent predictors of subsequent ischemic stroke after adjusting for other prognostic variables.
The 90-day stroke rate of 5.0% in our study was lower than the mean rate of previous studies (8.5%, Table 3 ). The proportions of patients with ABCD 2 scores of 4 or higher was 71.0%, and DWI lesions were present in 30.0%, findings comparable with those of previous studies. The lower rate of 90-day recurrent stroke observed in this study might be attributed to immediate and optimal management. All participating hospitals were comprehensive stroke centers, and all patients were admitted and underwent immediate diagnostic workup. In addition, optimal management was given according to the current practice guidelines, reflected by the high prescription rates of antiplatelets (94.9%), anticoagulants (14.8%), and statins (69.0%). Our result is in line with previous studies 3,4 that found a low recurrent stroke rate with these treatment strategies. It is noteworthy that CMBs were substantially and independently associated with an increased risk of recurrent stroke after TIA in our study. A meta-analysis 11 with patients with ischemic stroke and TIA found that CMBs increased the risk of -I (scores, 0-7) because there was no recurrent stroke in the ABCD3-I subgroup of scores 0 through 3.
founding variables, and the results were largely derived from patients with ischemic stroke rather than TIA. In a European study 33 exclusively including patients with TIA, CMBs conferred a 9-fold increased risk of recurrent ischemic stroke. Our study also found robust findings of the independent association of CMBs with recurrent ischemic stroke across several multivariable models that adjusted for covariates. In addition, the greater risk with multiple CMBs than with a single CMB would further support this association. Cerebral microbleeds are widely recognized as risk factors for hemorrhagic stroke, but the pathophysiologic link between CMBs and ischemic stroke remains unclear. The prevailing underlying pathologic change around CMBs is lipohyalinosis. 11, 34 It was hypothesized that CMBs might harm small vessels, which results in in-situ thrombosis and reduced arterial flow distal to CMBs. 33, 35 In addition, CMBs are likely to reflect vessel fragility and endothelial instability, which would increase the risk of ischemic stroke and hemorrhagic stroke. 36 A previous study 11 found that CMBs shared risk factors for future ischemic stroke with other small vessel diseases. Thus, the mechanisms of ischemic stroke recurrence might be explained in the same context with patients with lacunar infarctions or WMHs. Significant predictors of recurrent lacunar infarctions are hypertension and diabetes. 37 It is generally recognized that the risk of early recurrent stroke after TIA is higher with large artery atherosclerosis or cardioembolism 38 ; however, the risk could be substantially modified by statins, antiplatelets, and anticoagulants. 39 In con- Copyright 2015 American Medical Association. All rights reserved.
trast, these therapies might not effectively block the mechanisms of recurrent stroke related to CMB-related conditions, which might be associated with longstanding hypertension or cerebral amyloid angiopathy. As a result, we assume that CMBs remained as significant predictors of recurrent stroke in this study. Physicians' avoidance of prescribing antithrombotics because of concern of hemorrhagic stroke in patients with CMBs may be an issue. However, the rate of antithrombotic prescription did not differ between the patients with and without CMBs in our study.
In our results, the most frequent TOAST classification of recurrent stroke was small vessel occlusion (12 [48.0%] of 25). Although this is contradictory to most previous data indicating a relatively low risk of early stroke recurrence with lacunar stroke, 40 there are also conflicting reports. In a previous study, 39 the risk of recurrent stroke based on TOAST classification was 11% in large artery disease, 11% in cardioembolic, 20% in small vessel occlusion, 3% in cryptogenic, and 5% in other conditions. This result might reflect the prognostic changes by recently developed treatment strategies, although it needs to be validated by additional research. Our study has limitations. This study had a small number of patients with subsequent strokes and accordingly was not adequately powered to detect the associations of other predictors with the 90-day stroke. We explored the statistical significance through various multivariable models with composite scores to reduce the risk of an overfitting problem.
7 Although
CMBs were still strong and robust independent predictors despite the small number of outcome events, there are possibilities that our study might be underpowered to detect the effects of various factors. Furthermore, the study participants were limited to an Asian population. The relative proportions of small vessel occlusion in stroke mechanism was higher in Asian countries compared with those of Western countries. 41 In addition, all patients were recruited and hospitalized in comprehensive stroke centers, which restricts the generalizability of our findings. Nevertheless, our study has notable strengths in that 500 patients with acute TIA were enrolled within 24 hours, 99.8% underwent MRI and magnetic resonance angiography evaluation within 48 hours of symptom onset, and 100% completed 90-day follow-up with adequate secondary prevention management. Therefore, the current findings might be relevant to well-organized stroke care settings and add up-todate information on outcome and neuroimaging predictors in patients with TIA.
Conclusions
Immediate and optimal management seems to modify the risk of early recurrent stroke after TIA. Cerebral microbleeds may be a novel predictor of stroke recurrence after TIA, which remains to be validated by additional studies.
